T/N.F.C. ratio, where N.F.C. represents the daily calories derived from food other than fats, and T the daily thiamin content of the diet in micrograms. They noted that T/N.F.C. below .3 was indicative of a beriberi-producing diet.
These facts were substantiated by experience in Japanese prison camps. The diet analysis shown of the period March-July, 1945 , indicates that the daily thiamin intake was on an average little greater than one-third of the normal daily requirements. Yet on this diet rather less than 10 per cent. of the prisoners showed clinical evidence of beriberi.
The explanation is that the very low thiamin intake was associated with a low caloric intake, consequently the thiamin/fat calorie ratio did not fall much below the critical figure .3 .
Within a few days of the capitulation of the Japanese on 15th August, 1945, the daily ration was increased by the addition of 4 oz. of rice and 2 oz. of protein.
The thiamin content of the diet remained unaltered. Calculation shows that these additions to the diet cause the T/N.F.C. ratio to fall to a figure of .204. Beriberi was therefore to be expected, and an outbreak appeared toward the end of August. The short interval, fourteen days, as opposed to the ninety days dietetic imbalance commonly required to produce beriberi, is explicable on the grounds that prior to the change in diet the prisoners had lived on the beriberi threshold T/N.F.C. ratio just below .3. Sporadic Beriberi.
CLINICAL FINDINGS.
As a sporadic occurrence, beriberi affected some five to fifteen per cent. of the prisoners in Japanese prison camps. Three types of the disease are described and were seen- (c) Cardiac.
Isolated involvement of the cardio-vascular or nervous system was infrequent. Oedema was, however, often the only manifestation. Neuritic Beriberi.
The neuritic manifestations were similar to those of multiple neuritis of other origin. The degenerative lesions showed a predilection of the long nerves, so that wrist-drop and foot-drop were frequently seen. The anterior crural nerves were involved early, with usually weakness and wasting of the quadriceps extensor, leading to inability to rise from the squatting position. Inability to rise from the squatting position-a positive "squatting test"-was sometimes the first sign of beriberi. Occasionally the presenting symptom was hoarseness, due to involvement of the recurrent laryngeal nerve in the degenerative process.
The motor manifestations were usually preceded by the sensory symptoms of peripheral neuritis. There were complaints of numbness and tingling, particularly in the hands and feet and along the inner sides of the thighs.
Examination of sensory function showed a varying degree of impairment of superficial sensation. The areas most commonly affected were the distal parts of the limbrs andl the inner sides of the thighs. The affected muscles were pailnful on deep pressure atnd the ten-do Achilles usually insensitive.
'I'he weak muscles-quadriceps, dlorsiflexors of the feet, and extensors of the wrist-usuallv showed some degree of wasting. 'T'he tendon jerks were diminished or absent in the alfected limbs.
Marked neuritic manifestations were alm6st invariably accompanied by cardiovascular abnormalities. T'he commonest were (1) Persistent tachycardia; (2) pain in the chest. Death as a rule rapidly followed. When seen before death, they showed extreme dyspncea, restlessness, cyanosis, and distention of the jugular veins. They complained of unbearable pain in the chest, radiating into the neck and arms. Clinical evidence of cardiac enlargement both to right and left was usually easily elicited. TIhe heart-sounds were faint, distant, and tic tac in character. Intravenous administration of thiamin (when the drug was available) produced dramatic relief. In its absence, these men invariably died.
Congestive Cardiac Failure.
The features did not differ markediy from the congestive failures produced by the more common causes. Oedema partly of cardiac origin was as a rule generalised, involving limbs, trunk, and face. In the terminal stages these men were orthopnceic and cyanotic, with distended, pulsating jugular veins. The heart was always markedly enlarged, the sounds faint and tic tac in character. The first heart-sound heard over the displaced apex was frequently split. Signs of bilateral pleural effusion could be elicited. The liver was enlarged and the abdomen contained free fluid. Infection of the edematous subcutaneous tissues, resulting in widespread cellulitis, often occurred preterminally. Conduction Defects.
Evidence of defective conduction in association with beriberi is of interest, since this finding is contrary to that of the leadng authorities on the subject-Wenckebach (1928), . We regarded splittinig of the cardiac first sound as the earliest evidence of a conduction defect. Apart from this, cases were seen to progress through the stage of partial to complete heart-block and to terminate during their first or subsequent attack of typical Stokes-Adams syndrome.
It may be argued that since most of the men suffered from uncontrolled malaria and many were convalescent from cholera, in the production of the bundle damage some other factor was at work, such as the toxin of the malarial parasite or that of the cholera vibrio. These toxins may have been contributing factors.
Two observations, however, indicated that beriberi was the main factor:
(1) Gross conduction defects associated with Stokes-Adams syndrome did not occur in the absence of other signs of beriberi, either cedematous or neuritic.
(2) Thiamin, in the isolated case in whiclh its effect was observed, rapidly brought about a return of normal condiuction. Four days prior to admission he has been passing less urine than usual. Three days before adlmission his face became swollen, and the day before admission he noticed that his "body became swollen all over." He had suffered from headaches and loss of appetite for ten days.
Examination. - Historv.-During the past week he has been passing very little urine. Four days before admission, on waking he noticed his face swollen; swelling of the genitals then appeared, and gradually the swelling involved the trunk and limbs.
Examination.-Oedema involves the face, trunk, and limbs. There is no pitting. There is no dyspncea, cyanosis, or distention of the jugular veins. C.V.S.: Heart: Not clinically enlarged. Heart sounds are hyperactive, but otherwise normal. Historv.-He noticed swelling of the lower limbs four days prior to admission. This swelling gradually spread upwards, and soon the whole body became swollen. A severe continuous headache has been present since the appearance of this cedema.
On the evening prior to admission while lifting a bucket full of water he had a sudden severe pain in his chest and collapsed. Thiamin 50 mg., given intravenously by his unit medical officer, relieved the acute pain. He still complained of a feeling of tightness in his chest.
Examination.-A non-pitting cedema involves the face, thighs, limbs, and genitals. Treatment.
-After an initial injection of 50 mg. of thiamin intravenously, 50 mg. were given daily by intramuscular injection. Oedema had completely gone by the fourth day after the commencement of treatment; tightness and discomfort in the chest disappeared. One week after admission his B.P. had fallen to 130/64. The heart-sounds were still tic-tac, but the extra systoles had gone.
DISCUSSION.
Vitamin B,, when absorbed, combines with pyrophosphoric acid to form thiamin pyrophosphate or co-carboxylase. Co-carboxylase is the enzyme essential for a vital stage in the oxidation of glucose by living cells. In its absence the breakdown of glucose is arrested at the pyruvic acid stage. Since nerve tissue depends almost entirely on the oxidation of glucose for its metabolism, the frequency of degenerative changes in the nervous system is explicable.
The involvement of the heart in the disease process is, however, less easily explicable. The finding at post-mortem is marked hypertrophy and dilatation of the right side of the heart.
Wenckebach assumes that the heart as a whole fails. The signs of right-sided failure and the marked dilatation of the right side of the heart found at postmortem he explains on a purely mechanical basis: "In cases of increasing insufficiency of the whole heart, the right heart is doomed to suffer much more than the left side, even to suffer to the profit of the latter." The failure and hypertrophy of the right heart he attributes to imbibition of fluid by the muscle-fibre. He offers no explanation as to why the hypertrophy of muscle-fibres produced by imbibition of fluid should be confined to the right side of the heart.
Whether or not the heart-muscle in beriberi imbibed fluid might be determined by comparing the weight of dried beriberi hearts with the weight of dried normal hearts. There is no record of this experiment having been performed in human beriberi. It has, however, been performed on pigeons. Newcomb (1930) found that the enlarged hearts of pigeons suffering from beriberi showed no abnormal water content.
That the disordered metabolism of beriberi might lead to the accumulation in the blood of metabolites having a toxic action on the myocardium must be considered. There is evidence pointing to such an accumulation. It is known that the blood pyruvic acid is high in beriberi, often reaching a figure of 2 mg./100 c.c. (normal .5 mg.) Lee and Platt (1938) have shown that in B, deficient states moderate exercise is followed by a marked rise in the blood pyruvate, whereas the normal subject must be exercised to exhaustion before any appreciable rise occurs. They further showed that the time required for the removal of the excess pyruvate is greater than normal.
Inawashiro and Hayasaka have noted a similar rise in the blood lactic acid and a delay in its removal.
Our experience showed that the cardiac manifestations of beriberi were related to muscular activity.
Thus, the first outbreak of the disease in which grave cardiac involvement was so frequent occurred among troops who had just completed a long and exhausting jungle march, and who at the time of development of the outbreak were working as slave labour on the Burma railway. Again, acute cardiac beriberi-sh6shin-appeared while the individual was engaged in some strenuous muscular effort.
These findings would indicate that possibly pyruvic acid and lactic acid had a toxic action on the myocardium. Haynes and Weiss have failed to produce any toxic effect by injecting these acids into B1 deficient animals. The toxic factor may, however, be a metabolite closely associate(d with pyruvic acid and lactic acid.
The occurrence of conduction defects must be regarded as unusual. Aslsmeer found that even in the worst conditions of failure "the beriberi heart gave a perfectly normal electro-cardiograph without arrythmia, extra systoles, heterotopic rhythms, or disturbances of conduction in the bundle or in the conducting fibres of the ventricles."
Wenckebach stresses the contrast between the weakened muscle and an undisturbed or accelerate(d conduction. He uses this as an argument in favour of the theory of imbibition of fluid by the muscle-fibre, since it has been shown by Engelmann that the frog's heart immersed in water lost-the power of contraction without disturbance of conductivity, and by De Boor that the human heart behaved in a similar manner.
Weiss reported the electro-cardiographic changes in two white men suffering from beriberi. In neither was there pathological prolongation of the P.R. interval. W eiss et al. studied the electro-cardiographic changes in thiamin-deficient dogs. Changes were found in the r-waves and S.T. segments. Prolongation of the P.R. interval was not a feature.
Carter and Dury have, however, succeeded in producing heart-block in rice-fed pigeons. It would appear, therefore, that the effect of thiamin-deficiency on the animal heart required further investigation.
The nature of the cedema and the mechanism of its production in beriberi remain obscure. In most cases it occurred first in the dependent parts and pitted easily. On incision, the subcutaneous tissues serous fluid escaped. These features would indicate an extra cellular location in the tissues and a similarity to cardiac cedema. Many sporadic cases of beriberi, however, showed no cardio-vascular abnormality.
The generalised distribution an(d absence of pitting of the cedema seen during the second outbreak suggested that it was at least partly intracellular. The association of this type of cedema with hypertension is of interest. Hypertension has not, as far as can be ascertained, been previously recorded in connection with beriberi. All authorities on the disease emphasise the lowering of the blood pressure which occurs, in particular the lowering of the diastolic pressure.
It is suggested that those showing the generalised non-pitting cedema hypertension syndrome produce as a result of their disturbance metabolism, a metabolite causing an increase in intracellular osmotic pressure, resulting in imbibition of fluid by the cell. An intracellular cedema affecting renal tissue might lead to ren-al ischermia and hypertension.
SUMMARY.
Sporadic cases and outbreaks of beriberi among prisoners of war are described. Evidence is presented in favour of the operation of factors in addition to thiamindleficiency in the production of the disease. An unusual beriberi syndrome is described. The occurrence of heart-block in association with beriberi is recorded. 
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